Evolutionary scenarios must account for Algol binaries surviving their first phase of mass transfer.
i. INTRODUCTION
The formation of Algol binaries has been a classic problem for stellar evolution.
Consisting of a lower mass giant and a higher mass mainsequence star, the reversed evolutionary state has been explained by the transferral of mass from the evolved giant to the main-sequence star (cf. Paczynski 1971) . However, numerical investigations, conducted with the most realistic assumptions, have failed to produce a bona fide Algol.
Three difficulties have been encountered in evolutionary calculations:
the very large range of initial masses and periods to cover; the response of the mass-gaining star; and the role of non-conservative mass transfer.
The first can be addressed with simplifying assumptions which generalize the use of single star models. This approach ignores the second difficulty, but it does provide an estimate of the timescale of mass transfer, which is relevant to the gainer's response.
At present, the third difficulty can only be addressed through free parameters.
The mass transfer rate in a binary system depends on the difference between the donor star's photospheric radius and its Roche lobe radius (cf. Webbink 1985) .
Once P~ equals RE, the "stability" of continued mass transfer depends on the changes in these radii, as characterized by the radius-mass exponent:
[ ~ dlnR/dlnM.
If ~. < ~L'
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R, -R L increases as more mass is removed, causing the mass transfer to accelerate. There are two time-independent methods of estimating f,. If mass loss is very rapid, internal heat flow is negligible and the donor's radial response will be adiabatic (f, = fad)" If mass loss is somewhat slower, the response will be different as the donor adjusts to its new mass by regaining its previous state of thermal equilibrium (f* ffi ft~) " With the values of fad and fth for stars just filling their Roche lobes, the future evolution of the binary can be projected.
If ~ad < fL' dynamical timescale mass transfer will commence.
Such rapid mass transfer is thought to result in the formation of a common envelope (Paczynski 1976; see Livio 1988) from which an Algol could not emerge.
If fth < ~L < ~ad' thermal timescale mass transfer will commence. This not-quite-so-rapid mass transfer could result in a swelling accretor and a contact configuration (Benson 1970, and many others) from which it is unlikely that an Algol could emerge.
Evidently, Algol binaries originate from systems in which both fad and ~th are greater than fL"
These results can be used to direct simultaneous-evolution calculations towards the initial masses and periods most likely to follow diverging paths of evolution.
In Section 2, the radial response calculations are discussed.
In Section 3, the calculations are related to binaries which could not become Algols, creating boundaries for Algol progenitors. The results are also compared with the properties of observed Algols. The implications of the results for evolutionary scenarios are discussed in Section 4. The conclusions are summarized in Section 5.
RADIAL RESPONSE OF DETAILED STELLAR MODELS
The radius-mass relations being calculated are special cases of a star's response to mass loss. Previous estimates of fad have been made with polytropic models (Hjellming and Webbink 1987, and references therein). To estimate ~th, stellar models in complete equilibrium have been used for main-sequence and giant donors (Plavec, Kriz, and Horn 1969; Refsdal and Weigert 1970) . The methods used for the calculations presented here are improvements on both approaches and are described below.
The adiabatic response of a model is driven by the preservation of hydrostatic equilibrium. When mass is removed from the surface, each remaining mass shell feels a decrease in pressure and expands somewhat. The adiabatic assumption, of entropy kept fixed in mass, limits how the density and temperature can vary to provide the pressure decrease. The behavior of the surface radius depends upon the expansion allowed by the entropy profile and the original position of the new surface layer. Models with radiative envelopes are more likely to contract: They have lower interior entropies and have further to expand to reach the old surface radius than models with convective envelopes.
The thermal response of a model is determined by the replacement of the energy losses caused by adiabatic expansion. During thermal
